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Abstract 
This paper stated with the problem of cost of photovoltaic (PV) system for residential sector in Thailand and 
competitiveness. It is assumed that the electricity of PV can be competitive with grid-connected in Thailand 
scenarios. The objective is to express the potential for the PV cost reduction in last ten years and estimate for the near 
future. The learning curve model presents that PV cost range term of installation in residential building sector in 
Thailand. Using this model is estimated cumulative capacity and PV price can be competitive term. Electrical 
consumption of Thailand scenarios can show grid parity point take place in fifteen year. Additionally, potential of PV 
energy is up to plan the efficiency policy and improve PV market options. In beneficial view, the PV situation can 
appropriate for competitiveness and one purpose of this study is to provide reliable information about the costs of 
installed systems over time by the policy and development of government programs. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Generally, now the renewable energy is the main clean energy for the competitive target with grid 
parity. Therefore, there are many reasons to find out the solution for renewable energy. Concerning 
factor, the price of renewable energy is high especially PV price. After following data and logical price 
behavior, the PV price module and system is decreasing continuously. This situation implies that PV will 
be expanding to the wider market include the investment. Additionally, the way to determine the target of 
this study, the learning curve concept is the complex processes and possibility to estimate future price 
developments of PV depending on the cumulative capacities. In a variety of renewable energy 
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applications, the photovoltaic (PV) power generation growth is most rapid. From 2000 to 2009, and net 
annual average growth rate of PV 60%; and net solar photovoltaic power generation in all applications in 
the share of 50% in 2001 to grow to about 90% in 2009. The lower cost solar PV is the answer for the 
barrier, so the new concept about renewable energy in the future will accept and make it true in daily life.   
After learning solar PV data and collecting the past energy situation, the one barrier of solar PV is the 
government policy that is the main impact to dilemmatic birth of solar PV. Especially Thailand, the 
situation of renewable energy and solar PV is changed by unanticipated. Normally we can forecast some 
situation by the historical data and learning by analyzing. Therefore, this study has motivation to find out 
the escape to consider the solar PV price by learning curve model and input each scenario in Thailand 
such as residential sector.
2. Description of model 
      The objective of the LeC model is to study and analyze the energy data in the period time is 
approximate the ten years data (1999 – 2009) by referring the energy agency: Department of Alternative 
Energy Development and Efficiency (DEDE). Additionally, the model is considered a dynamic data, with 
the flexibility to consider changing circumstances and new opportunities. Such flexibility is particularly 
important during the current period of uncertainty associated with the current global economic conditions 
and solar PV markets and may also be proposed based on further analysis with the electricity 
consumption and residential sector condition. Development policies and strategies have increasingly 
focused on solar PV cost reductions and improved energy competitiveness. 
 
 
 
 
 
 
 
Fig. 1. Learning Curve Analysis Model (LeC Model) 
The Learning Curve Formula 
The specific characteristic of a learning curve is the constant percentage of decline of the costs with 
each doubling of the cumulative production. Therefore the learning formula (1) can be described as: 
Cost(x) = a * xm 
  log (Cost(x)) = log a + m*log x      (1)
  where 
  Cost(x)  = cost of unit x 
  x  = cumulative (unit) production 
  a  = cost of the first unit produced 
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The Parameter m is normally negative and is used to calculate the progress ratio formula (2) (PR) and 
the learning rate formula (3) (LR): 
PR = 2m        (2) 
  LR = 1 – 2m        (3) 
As applying with the solar PV price in the equation; 
  PV = a * xm        (4) 
  log (PV) = log a + m*log x 
  log(PV) = 6.347 -0.175*log(Q)
  PV = Solar PV cost for installation 
  Q = the cumulative capacity from solar PV installation 
Learning index at 0.175 determines that PV is produced at increasing 1% so; the production price 
decreases 0.175%. 
PR = 2*0.175 = 0.35 = 35%      (5) 
  LR = 1 – 0.35 = 0.65 = 65%      (6) 
The progress ratio also measures the relationship between the increase in cumulative production and 
the decrease of unit costs. A progress ratio of 35% which is equal to a learning rate of 65% means, that 
each doubling of cumulative production costs decreases 65%. Related with data, every time the quantity 
doubles, the previous doubled unit cost is multiplied by the learning rate. 
Normally, the learning curve is the way to forecast in several industries such as aircraft that the high 
investment business. The use of learning curve have been found to be useful and effective way for 
industries but it is difficult to know the growth rate breaks down [1]. 
3. Illustrative Factors 
3.1 Electricity consumption of residential sector in Thailand 
Fig. 2. Electricity consumption of residential sector in Thailand 
From above data, increasing of electricity consumption of residential sector in Thailand show that 
residential consumption is the main factor to support the PV system in term of module price, cell price 
and energy price. The changed idea of PV could adjust and accept that PV technology is the answer for 
country energy policy.   
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3.2 Number of residential in Thailand 
As the data of number of residential in Thailand, this study considered the growth of residential sector 
because the residential sector is interesting for drive directly solar PV to people’s consume. Japan and 
Germany are the pioneer to start in residential sector and this supported policy effects to the solar PV and 
involving business growth. Therefore, this study stresses to the residential in Thailand for finding some 
interesting point of solar PV investment and industry. 
Table 1. Number of residential growth in Thailand 
                                                                                                                                                               (in thousand)
Year 2543(2000) 2545(2002) 2547(2004) 2549(2006) 2550(2007) 2551(2008) 2552(2009) 
17,185.7 17,882.7 18,905.4 18,051.4 18,178.2 18,993.5 19,579.2 
3.3 Solar PV price in Thailand 
Table 2. Solar PV price in Thailand 
Date Baht/Wp Exchange rate US$/Wp 
2544/2000 142 44.22 3.21 
2545/2001 1943 42.92 4.52 
2546/2002 
2547/2003 
2548/2004 
2549/2005 
2550/2006 
2551/2007 
2552/2008 
195
163
100
175
83
140
118
41.56 
40.14 
39.95 
38.08 
34.50 
32.92 
34.08 
4.69 
4.06 
2.50 
4.60 
2.41 
4.25 
3.46 
Fig. 3. Solar PV price in Thailand 
From breakthrough of decreasing of PV price as module price, cell price and energy price, the 
changed idea of PV could adjust and accept that PV technology is the answer for future energy. Even 
shape of the module price reduction can be expected in the small installation scale by referring the energy 
agency: Department of Alternative Energy Development and Efficiency (DEDE).   
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 The concept of learning curves describes how costs of a produced product unit decline with increased 
cumulative production. The observation is quite old and was documented e.g. by Wright in 1936 who 
described the decrease of labour costs in airframe manufacturing [Williams et al. 1993]. Sometimes it is 
differentiated between learning curves (analysing only one factor) and learning curves which include 
costs for research, administration, marketing and capital. The second ones relate therefore to the total 
costs and cumulative production analysing a complete market and are used in this work [2]. 
4. Simulation and discuss 
This paper has given an overview of cost reduction of PV and effects from the learning curve 
methodology. As forecasting the tendency of PV module price, it is decreasing and the effect to this 
situation to define the advantage of PV investment. The benefit will spill over to any sectors with learning 
effects such as the government and other energy firms for making suitable policy. In term of prospects PV 
market development, how the PV should grow home markets and spear to the investment in the solar 
photovoltaic price able to go with grid parity and support to the grid connected system. 
Table 3. The result of solar PV price model analysis (unit: baht /Wp) 
YEAR Actual 
15%
growth 
19.524% 
growth 
30%
growth 
33.614% 
growth 
40%
growth 
Exchange
rate
2544 141      44.22 
2545 151      42.92 
2546 141      41.56 
2547 129      40.14 
2548 129      39.95 
2549 151      38.08 
2550 141      34.50 
2551 129      32.92 
2552 118 118 118 118 118 118 34.08 
2553  116 115 113 113 112 31.72 
2554  113 111 108 107 105 30.45 
2555  110 108 103 102 99  
2556  107 105 99 97 94  
2557  105 101 94 92 88  
2558  102 98 90 87 83  
2559  100 95 86 83 78  
2560  97 92 82 79 74  
2561  95 89 78 75 70  
2562  93 87 75 71 66  
2563  90 84 71 68 62  
2564  88 81 68 64 58  
2565  86 79 65 61 55  
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Fig. 4. The learning curve projection in Thailand
The solar PV market will grow up rapidly so this study forecasts by the learning curve projection in 
targeted 500MW in year 2565(2022) in case of Thailand’s Renewable Energy Development Plan (REDP) 
15-year (2550-2565 or 2007-2022) [3].  
Figure 4 presents the average PV cost of projects in Thailand in the sample completed in Department 
of DEDE from 2544-2552. As shown, PV average cost declines from 141 baht/Wp in 2544(2001) to 118 
baht/Wp in 2552(2009) equivalent to an average reduction of 2.88 baht/Wp, or 2.04% per year. These 
cost reduction have not steadily over time. From 2545-2548, average cost declined at relatively with 
average annual reductions of 7.3 baht/Wp, or 4.8%per year. However, during 2548-2550(2005-2007), the 
PV cost increase because U.S. and global PV markets expanded significantly, creating shortages in the 
supply of silicon for PV module production and putting upward pressure on PV module prices [4].
According to analysis in the learning curve projection figure 4, it presents that the target of PV 
installation at 500 MW as follow: 
1)  In year 2565(2022), the solar PV business and industry grow up at 19.524% and the PV cost 
reduce to 79 baht/Wp. However, the market for PV technology in the long-term future is uncertain, 
though it is reasonable to presume that it will not diverge radically from its past annual growth rate of 
15% in the next decade. PV system costs continue to decline and there is an ever expanding global market 
for generating capacity. In 1995, the 579 MW cumulative installed capacity of PV technology represented 
just 0.02% of the global power generating capacity of 3,079 GW. By 2020, the International Energy 
Agency projects that global power demand will be in the neighbourhood of 5,900 GW (IEA, 1998) [5].  
2) As other condition in the future, the solar PV business and industry grow up faster at 33.614% so 
the target 500 MW will occur in 2060(2603). In term of government plan and policy, the energy agency 
can plan the efficiency policy for the investor and consumer such as adder or feed-in-tariff condition that 
is suitable for each situation.   
3) According to the consumer in residential sector, the solar PV price from forecast in the graph shows 
that residential sector can effort or invests for solar PV system installation. The PV price will decrease as 
almost equal to grid parity due to the number of electricity consumption and unit in residential sector is 
more than the REDP target very much. The number is huge to impact the PV market as the economy of 
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scale and economy of scope together. Based on the trend from United States of America, in 2010, U.S.-
based venture capital investments in clean technologies increased from $3.5 billion in 2009 to $5.1 billion 
in 2010, an increase of 45.7 percent [6]. The residential sector is the stability for almost lifetime of solar 
PV system and good to be small electricity generator. As lifetime of solar PV concerning, most 
conventional PV panels have at least 20 years or longer limited warranties. Therefore 20, 25 and 30 years 
timeframes were considered. Five percent (5%) efficiency for future PV modules was considered [7]. 
5. Conclusion 
This study has given an overview of the PV cost reduction and showed the potential for cost reduction 
over the last decade. The PV cost reduction could be expected according to the learning curve 
methodology as new concept for forecasting the tendency cost. This study focus on the solar photovoltaic 
module price and forecast the future solar PV price in term of suitable solar PV investment and planning 
with the government and corporate policy. The PV technology should relate to the suitable investment for 
positive impact to the user. The study enhances the understanding in solar PV investment together as able 
to competitive with grid connected.  
As the solar PV business and industry growth, PV cost reduction has given the new idea to develop 
seriously the electricity from PV technology. The electricity market will open wider for PV and other 
involved device technology. Additionally, the target of cumulative capacity is the drive device for solar 
PV investment compass for Thailand. The learning curve projection shows that the learning curve 
reliability of prediction can state for the clearer view for PV investment and policy maker.  
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